Most living organisms display a decline in physiological performances when ageing, a 21 process called senescence that is most often associated with increased mortality risk. 22 galactosidase activity and cell size. We also demonstrated the existence of sex-35 specific responses to changes in environmental conditions. By using an experimental 36 approach and biomarkers of senescence in woodlouse, we show that environmental 37 conditions and sex both shape the diversity observed in senescence patterns of 38 woodlouse and underline the importance of identifying senescence biomarkers to 39 understand how environmental conditions influence the evolution of senescence. 40 41
Previous researches have shown that both the timing and the intensity of senescence 23 vary a lot within and among species, but the role of environmental factors in this 24 variation is still poorly understood. To fill this knowledge gap, we investigated the 25 impact of environmental conditions on the strength of senescence using an 26 experimental design applied to a population of common woodlouse Armadillidium 27 vulgare intensively monitored in the lab. Cellular senescence biomarkers are available 28 in woodlouse and are age-related. These biomarkers provide relevant biomarkers to 29 test the impact of environmental conditions, through changes in temperature and 30 photoperiod, on individuals of the same age maintained in different environmental 31 conditions. We found different effects of the environmental changing: the increasing of 32 day light modification leaded the same effect as age on our senescence biomarkers 33 while temperature modifications leaded the opposite effect as age on the β-performances that leads to a decrease in the probability to reproduce (i.e. reproductive 48 senescence) or survive (i.e. actuarial senescence) with increasing age (Monaghan et 49 al., 2008) . This process is nearly ubiquitous in the living world ( (Nussey et al., 2013) ) 50 but displays a tremendous diversity of patterns across the tree of life (Jones et al., 51 2014; Shefferson et al., 2017) . Whatever the studied trait, both timing and intensity of 52 senescence strongly vary across species (Jones et al., 2014; Nussey et al., 2011) , 53 populations (Hassall et al., 2017; Tidière et al., 2016) , and individuals (Bérubé et al., 54 1999) . Many studies aiming to understand the diversity of senescence patterns at 55 different levels of the biological organization have suggested that environmental 56 conditions are likely to play a significant role (Fontana et al., 2010; Martin et al., 1996) . 57
For instance, resource competition in early life can strengthen both actuarial and body 58 mass senescence in wild populations of mammals (Nussey et al., 2007; Beirne et al., 59 2015) . However, environmental conditions can potentially influence senescence in a 60 sex-specific way, as evidenced for other life-history traits. For instance, in the neriid fly 61 (Telostylinus angusticollis), a dietary restriction caused the complete female infertility, 62 whereas in males, the negative effect of dietary restriction on reproduction was 63 effective only when they received a rich larval diet and when they were housed with 64 females (Adler et al., 2013) . In the Alpine marmot, (Marmota marmota), the social 65 environment lead strongly different actuarial senescence patterns between males and 66 females (Berger et al., 2018) . Sex-specific effects of environmental conditions on 67 senescence thus need to be investigated. Moreover, to thoroughly understand how environmental conditions modulate observed patterns of senescence, their specific 69 impact on organisms must be separately quantified. Here, we provide such a study by 70 investigating cellular senescence in the common woodlouse Armadillidium vulgare. 71
This terrestrial isopod can live up to three years (Paris and Pitelka, 1962) and is highly 72 sensitive to environmental conditions, especially when they involve changes in 73 photoperiod and temperature. In fact, these parameters are closely related to 74 reproduction and water loss (Brody et al., 1983; Hassall et al., 2018; Mocquard et al., 75 1989 Mocquard et al., 75 , 1980 Smigel and Gibbs, 2008 One of the most popular biomarker of senescence is based on the lysosomal activity 86 of the β-galactosidase enzyme, which increases when the cell enters in senescence 87 (Dimri et al., 1995; Itahana et al., 2007) . The activity of the β-galactosidase has mostly 88 been used to study the senescence of mammalian cells (Gary and Kindell, 2005) , but 89 has also been successfully used to detect both senescence in honeybees (Hsieh and 90 Hsu, 2011) and effect of lower temperature on senescence of the short-lived fish 91
Nothobranchius furzeri (Valenzano et al., 2006) . Likewise, the decline in immune 92 performance with increasing age (i.e. immunosenescence) can also provide a suitable 93 biomarker of senescence. A diminution of the number of effective immune cells has 94 thus been reported in wild vertebrates (Cheynel et al., 2017) In this study, we used measurements of senescence biomarkers specific to A. 105 vulgare (Depeux et al., 2019) as metrics to quantify the impact of changes in 106 temperature and photoperiod on individuals of the same age experimentally 107 maintained in different conditions of temperature or photoperiod. We expected the 108 effect of temperature and photoperiod to shape specific variations on the senescence 109 biomarkers and survival in female and male woodlice. In common woodlouse, individuals moult throughout their lives according to a 120 molting cycle (Lawlor, 1976) . At 20°C, they approximately moult once per month (Steel, 121 1980 ) and all the cells of the concerned tissues are renewed. However, the brain, the 122 nerve cord, part of the digestive tract and gonads are not part of tissues renewed during 123 molting and are therefore good candidates for tissue-specific study of senescence in 124 this species. In addition to molting regularly, the female woodlouse exhibits specific 125 molts related to reproduction (Moreau and Rigaud, 2002) . These molts and more 126 generally the onset of reproduction are influenced by environmental conditions: both 127 increased temperature and longer days stimulate the onset of reproduction (Mocquard 128 et al., 1989) . The reproductive period occurs during spring. 129
Experimental design 130
We tested the effect of environmental factors on senescence in A.vulgare on 131 the survival and on our senescence biomarkers ( Figure 1 ). The different protocols were 132 applied to males and females separately to assess the effect of sex on senescence 133 patterns. 134 The β-galactosidase activity was measured as previously described by Gary 192 and Kindell (2005) . Briefly, 100 µL of protein extract at the concentration of 0.1 mg/mL 193 were added to 100 µL of reactive 4-methylumbelliferyl-D-galactopyranoside (MUG) 194 solution in a 96 well-microplate. The MUG reactive, in contact to β-galactosidase, leads by hydrolysis to the synthesis of 4-methylumbelliferone (4-MU), which is detectable 196 using fluorescent measurement. Measures were performed by the multimode 197 microplate reader Mithras LB940 HTS III, Berthold; excitation filter: 120 nm, emission 198 filter 460 nm, for 120 minutes. Two technical replicates were measured for each pool. 199
Statistical analysis 200
The β-galactosidase activity was analyzed with linear mixed effect models using 201 the R package lme4 (Bates et al., 2014) . As two technical replicates were measured 202 for each pool, the model including the pools fitted as a random effect and age, 203 photoperiod or temperature, and sex and their two-way interactions as fixed factors. species, from rats to worms (Koubova, 2003) . In our study on A. vulgare, we observed 282 that different environmental stresses could also lead opposite effects on the same 283 biomarkers. These results suggest that stress effects observed in lifespan need to be 284 study at the cellular scale to understand phenomenon implied. 285 Moreover, old females had a higher β-galactosidase activity and a better 286 immune cell density and viability than males in stressed conditions. These results could 287 be explained by a more effective immune system in females as often observed in the 288 living world (Nunn et al., 2009 ). However, previous study in A. vulgare suggests the 289 opposite: in Sicard et al. (2011), one-year-old males showed a higher cell density than 290 females of the same age. We supposed that, according to their life history traits, 291 different gender strategies exist in A. vulgare as suggested previously in (Paris and 292 Pitelka, 1962 ) and our study indicates that these strategies are shaped by 293 environmental conditions. 294 295
Conclusion 296
Our study confirms that A. vulgare presents all characteristics required to study 297 senescence. Our findings in this species support the hypothesis that the diversity of 298 senescence patterns observed among species results from complex interactions 299 between sex and environmental conditions. The development of a variety of 300 biomarkers including telomerase activity and telomere size could allow getting a 301 deeper understanding of the impact of environmental conditions on senescence 302 patterns. Assessing how different environmental stressors influence biomarkers should 303 help to identify the drivers of the great diversity of senescence patterns in the living 304 world. 305
